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Effects of Exercise

on Neuromuscular Disease
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A comprehensive rehabilitation program for neuromuscular patients seeks to prolong
function as long as possible. Improving strength and endurance is fundamental to the
goal of optimizing function. Improvement can involve increasing strength and
endurance, but in brogressive disorders it can also mean maintaining or even slowing
the rate of loss. Improved strength also helps function by preventing or slowing the
development of complications such as contractures, cardiovascular deconditioning, and
disuse atrophy.
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Since there is no cure for many neuromuscular disorders, improved function is most
often achieved by physical methods, including a carefully prescribed and supervised
exercise program. Although vigorous exercise training markedly improves strength and
endurance in a nor mal individual, its effects are less dramatic in a patient with
neuromuscular disease. Evidence in the medical literature suggests that exercise in
neuromuscular disorders can help improve function when prescribed within safe and
effective guidelines.

% < ORI T DIRFEIT RV Iz, BREOUWEL, EER AT SNER S oES) T 0 7
T LGt MENARTIEIC K > TR BEBEICER S WD,

BLWES) b L—= 703 IEERFEAORN L FAMZE L UET D05, € OZRITAEFHREO
HETIRBINARZITIEE A L7220,

R SCHROGEIL T, ZR TR LT A BT A > OFHN TR SNIHEITHV T, MR E 2k
T 5 IEB)IRERE O UGE TSI O AR B D Z L A TRER LT D,

Effects of Exercise in Normal Muscle E% 2z 2 E8h03h 3

The potential for exercise programs to increase function in impaired muscle is based
on the known effects of exercise in normal muscle.
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Exercise has powerful effects that can increase muscle strength and endurance, and
even reverse certain experimental muscle wasting conditions. For example, starved
mice with generalized muscle wasting still develop hypertrophy of specifically
exercised muscles, and exercise will reverse the catabolic effects of administered
glucocorticoids. Hypertrophy also develops following exercise in the absence of the
hormones required for normal muscle growth and maturation (growth hormone, insulin,
and thyroid hormone).
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Exercise has specific effects (i.e., different types of exercise cause different
adaptations in exercised muscle). Strengthening exercise (high tension, low repetition,
which stresses the contractile apparatus) causes increased contractile protein synthesis,
decreased protein degradation, and muscle fiber hypertrophy, Contractile protein also
increases because of muscle fiber hyperplasia secondary to muscle fiber splitting. Other
factors that improve strength but do not cause morphologic changes in the muscle
include better synchronization and more effective recruitment of motor units during
exercise and the learning or practice that occurs as a person trains. Endurance exercise
(low tension, high repetition, which stresses the muscle's metabolic system), produces
increased and more effective muscle oxidative enzymes in the absence of significant
hypertrophy.
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Exercise has limited effects; even a normal muscle cannot be trained beyond a
certain maximal response. A vigorous training program shortens the time required to
reach the maximal response, but it does not increase the limit (Fig. 15-1). A less
intense training program prolongs the time required to reach the limit.
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A muscle responds in a graded fashion to varying exercise stress. With increasing
amounts of exercise, muscle responses are disuse atrophy, the maintenance of strength
training, an upper limit plateau, and, if extreme, overwork damage (Fig. 15-2).

i 1 3hk 2 72 B A b L RITBBEAIC G T D

‘Eﬁ_@]iﬁit@ébwék FOROGE. BERMEZERE. B OMER:, B LREICZ2 720, BX
W, Bz 7=8mamEstoBEize s, (K15—2)

IOOT

75

50 /

Moderate Training

25 ——— Heavy Training

Relative Strength (%)

Duration of Training until Maximum Limiting

Figure 15-1 Relative time needed to attain maximum strength with different levels of exercise. (X
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(Modified from Krusen FH, Kottke FJ, Ellwood PM: Handbook of Physical Medicine and
Rehabilitation, 2nd ed. Philadelphia, WB Saunders, 1971)
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Figure 15-2 Therapeutic window for exercise as part of a stress continuum.
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Although the precise demarcations of muscle responses along this continuum are not
clearly established for all muscle groups or for most disease states, inferences can be
drawn from known evidence. Disuse atrophy develops with insufficient activity when
muscle contractions are less than approximately 20% of the total tension a muscle is
capable of producing. As contractile proteins are lost, the muscle weakens at a rate of
3% per day. Strength is maintained with contractions producing 20% to 35% of maximal
tension. Many activities of daily living are at this maintenance level. No matter how
frequently activities are repeated at this tension level, strengthening does not occur.
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If strengthening is to be achieved, tension must be greater than 35% of maximal.
Improvement continues until an upper limit is reached (plateau), beyond which exercise
no longer increases strength. Overwork damage can occur with training that is too near
the maximal attainable tension. The actual point of damage is difficult to define and may
vary with different muscle groups. Muscle tissue breakdown (rhabdomyolysis) with
fiber necrosis, release of muscle enzymes, and progressive weakness occurs in
previously untrained individuals during forced exercise, such as in boot camp, marathon
runs, or during survival mountain climbing. Recovery may be prolonged and incomplete.
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Accordingly, even in individuals with normal muscles, exercise should be prescribed
and administered in safe and effective amounts. The figures cited above are
approximate and vary from muscle group to muscle group, but the trend remains the
same, and similar principles can be used to prescribe safe and effective exercise.
Exercise is safe if activity is greater than the amount required to prevent disuse atrophy
but less than the amount that causes overwork damage. Within this safe range is the
effective range wherein training (progressive improvement in strength and endurance)
occurs. Exercise must be greater than maintenance activities (minimum effective
“dose”), but does not need to be any greater than the amount that stimulates maximal
response (maximum effective “dose”). This effective training range is a therapeutic
window for exercise prescription (see Fig. 15 -2). With activity below or above the
effective “dose,” no training occurs. Within the therapeutic window, the larger the dose
of exercise, the faster the improvement.

LMo T, EWRHEFHSOEATH, EIIZETHRMNRBEZLST SN, HITSNDEETH D,
RSB SN E TH O R Lo TR D, ZOMEAIERE U TH Y F—FAlX, Z2eT
R 72BN OIS D= DIEAT HHENTE D,

H L. BEAZEMZ THHT 270 E R &N EOJFHTH Y | @5 OEEZF SEZTREU T THIUL
EENIZETH D,

ZOREREOFE O, FIFE GEN LA L WEN R UGE) BNRAET AN H 5,
EENT, HERFIEE) /A RE) DLETRUTFIUE RS20, KRS ERABRT 58 KA
m) PLEIIsE s L,

Z DN FEAHIFRELIH X, EENL T DT D DRI CTH 5, (X 15-2 )

ZOKOLL T E 71X LA EOIRENL, FIFETIEEZ 5720,

RN T, EHOENZ T NIEZ WL, &FTL Y B2 5,

These same training concepts are important in prescribing exercise for individuals
with diseased muscle. When there is significant damaged or destroyed motor units, the
safe range for exercise is reduced. A weak muscle is more susceptible to overwork
damage because it is already functioning closer to its maximal limit. Therefore, exercise
must be prescribed and carefully supervised to avoid overwork. Since the therapeutic
window, or effective training range, is only slightly narrowed in milder and earlier
diseases, moderate exercise can be prescribed to prevent disuse atrophy, to improve
muscle performance, and to counteract progressive weakness. With more severely
diseased muscles, the therapeutic window may be narrow or closed. Because the
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severely weakened muscles are already functioning maximally, attempts to train may
prove fruitless and other aspects of the rehabilitation program can be more profitably
emphasized.
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Effect of Exercise in Nonprogressive Disorders
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Nonprogressive neuromuscular disorders, such as poliomyelitis, incomplete spinal
cord injury, and central core disease, provide a simple model of the response of impaired
muscles to exercise. In these disorders, a fixed number of motor units are lost or
damaged. Muscles respond to exercise, but the maximal response is lowered
proportional to the amount of remaining muscle. Also, to achieve a given tension with
fewer than normal motor units, each motor unit must work harder and is more
susceptible to overwork.
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For example, in early studies of recovered polio patients, resistive or isometric
exercises strengthened paretic muscles. If 60% or more of the motor neurons were
destroyed, maximal response of the muscle to training was reached before the muscle
gained normal or even functional strength. In practical terms, because weakness cannot
be detected by manual muscle testing until 30% to 35% of motor units are absent, a
muscle with less than antigravity strength before exercising is unlikely to become
functional with exercise even though limited improvement can occur (Fig. 15-3).
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In a single subject with central core disease who underwent endurance training,
Hagberg and associates (1980) found that exercise endurance capacity increased by 50%,
but no higher, even with prolonged training. These authors concluded that the limited
response in this nonprogressive myopathy may have been due to the absence of motor
units that respond to intense prolonged exercise.
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Figure 15-3 Response of impaired muscle to stress compared with that of normal muscle.
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(Modified from Krusen FH, Kottke FJ, Ellwood PM: Handbook of Physical Medicine and
Rehabilitation, 2nd ed. Philadelphia, WB Saunders, 1971).

Several reports demonstrate that partially innervated muscle can be overworked. In
humans, the evidence involves the effects of exercise in nerve damage during early
recovery, and also from continued stress on partially innervated muscle. In patients with
polio or incomplete spinal cord injury, progressive weakness of paretic muscles
develops if daily, repetitive, strenuous exercise of the paretic muscles is performed in
early recovery. The late decompensation of paretic muscles after 30 to 40 years of
functional use has been attributed to chronic overwork. Myopathic changes noted in
partially denervated muscles of chronic neuropathies suggest that chronic overwork
may be a factor in producing the necrosis.
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In animals, the evidence of the effects of exercise on partial innervation is derived
from nerve injury and muscle resection experiments. Herbison and co-workers (1983),
investigating the effect of exercise on rat muscle following nerve injury, found a loss of
contractile proteins during early reinnervation when there were few functioning motor
units. The same amount of exercise resulted in muscle hypertrophy after reinnervation
was complete. Reitsma (1969), by removing healthy muscle and then strenuously
exercising rats, found that exercise damaged remaining muscle if less than one-third of
motor units remained. When more than one-third remained, the same intensity of
exercise produced muscle hypertrophy.
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The detailed cellular mechanisms for exercise-induced injury are incompletely
defined. Theories on the mechanisms of damage include mechanical overstress of the
contractile apparatus and inflammatory response, edema pressure, circulatory overload,
activation of lysosomal enzymes, and increased muscle membrane permeability. Thus,
special attention must be paid to prescribing exercise in non- progressive neuromuscular
disorders because the therapeutic window is narrowed. Although remaining motor units
do respond to training, the amount of strengthening possible is proportional to the
number of undamaged motor units. These motor units must work harder to handle a
given amount of exercise stress. The same amount of exercise that causes a vigorous
training effect in normal muscle can cause overwork damage in impaired muscle (Fig.
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Effect of Exercise in Progressive Neuromuscular Disorders
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The effect of exercise in progressive neuromuscular disorders is more difficult to
demonstrate because exercise-induced improvement may be offset by progressive
weakness. Unlike nonprogressive disorders, further motor units are damaged or lost by
the ongoing disease process. Nevertheless, there is evidence that muscles that are not
yet end-stage can respond positively to exercise without damage.
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The rate of disease progression is important in determining a muscle's response to
exercise. The slower the progression, the more adequate the compensation, and the
better the response of muscle to exercise. Brown (1973) has shown that in normally
aging muscle, progressive but relatively slow loss of motor neurons occurs constantly,
yet muscle size and strength are maintained. Estimates are that only 50% of motor units
remain by the sixth decade, yet strength is preserved because of compensatory collateral
sprouting of remaining motor neurons. With aging, clinical evidence of weakness and
atrophy does not occur until 80% of motor neurons are lost. Moritani and deVries (1980)
have shown remaining muscles still respond to strength and endurance training.
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In amyotrophic lateral sclerosis, because of rapid progression, compensatory
collateral sprouting cannot occur fast enough to maintain strength. Accordingly, the
response to exercise is blunted. In one study, only three of ten muscles showed any
response to isometric strengthening and only one muscle improved functionally.
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Interestingly, there was no evidence of overwork damage even with strenuous
exercise.
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Other important factors that determine a muscle's response to exercise are the degree
(mild or severe) and the stage (early or late) of the disease. In animal models the severity
of disease (extent of involvement and rate of progression) differs between various
breeds. In those animals with mild or early dystrophic-like disease, muscle responds to
exercise, whereas in animals with severe or late disease, muscle shows exercise damage.
In certain "dystrophic" mice that have a severe, rapidly progressive neuropathic disease,
even mild treadmill exercise is detrimental, producing greater weakness and shortening
of the exercised animal's life span. In young dystrophic hamsters with a milder, more
slowly progressive disorder, weight-lifting exercise (forced climbing, carrying weights
to reach food and water) produces muscle hypertrophy and increased strength. However,
adult hamsters with more advanced disease show an increased rate of cardiac and
skeletal muscle degeneration after forced swimming or heavy weight-lifting. Dystrophic
chickens that have mild weakness and myotonia improved righting and wing flapping
with practice, which is associated with decreased lipid infiltration in the exercised
muscle. The improved performance may, in part, be attributable to decreased myotonia
and the associated lipid reduction is consistent with improvement in dystrophic muscle.
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Although evidence is indirect, many of the aforementioned studies suggest that the
therapeutic window continues to narrow as a neuromuscular disease progresses and the
range of overwork damage broadens. Johnson and Braddom (1971) found greater
weakness in the most-used upper extremity in members of a family with
facioscapulohumeral (FSH) dystrophy. Usually the dominant (normally the most used)
arm was weaker, but in one case a heavily used nondominant arm was more affected.
Although asymmetric weakness in FSH dystrophy is usual, the relationship of the
asymmetry to chronic exercise has not been thoroughly investigated. Several studies
have shown greater serum creatine phosphokinase (CPK) levels after exercise in
dystrophic patients than in normal patients, suggesting a possible injurious effect of
exercise. In one study, the cumulative effects of prolonged exercise in dystrophic
patients caused higher serum CPK levels than one to three daily episodes of brief
maximal exercise. Bonsett (1963), in a postmortem examination of all the muscles of a
16-year old patient with end-stage Duchenne dystrophy, suggested that even daily
activities caused overwork at that stage. Postural muscles, as well as muscles that had
become postural and therefore were forced to work continuously, showed the most
degeneration, presumably from chronic overwork.
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In Figure 15-5, as the amount of functional muscle decreases, the absolute amount of
exercise required for each effect also decreases, but the percentages of maximal tension
remain the same. Less force is required to elicit each effect. For instance, in moderately
severe disease, muscle reacts in a training mode with minimal activity, which may
explain, in part, the increased fatiguability experienced by patients. Chronic high-
intensity exercise (i.e., heavy relative to the amount of muscle available to respond to
exercise) is most likely to cause overwork stress and should be avoided even with early
or mild disease. In end-stage disease, even activities of daily living may act as heavy
stress and contribute to muscle fiber damage (Fig. 15-5).
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An exercise training program should only be prescribed when there is some
reasonable chance of improving function of the muscle or at least slowing the
progression of weakness. Many early exercise studies in dystrophic patients reported no
significant improvements in severely involved, usually wheelchair-bound patients with
little functioning muscle. When weakness is first clinically apparent in a rapid disease
where compensation has not taken place, 30% to 50% of motor units are already
nonfunctional. With few motor units remaining in severely impaired patients already
functioning at their limit, exercise should not be expected to improve strength or
endurance.
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It is equally important to prescribe enough activity to maintain baseline strength to
avoid additional weakness from disuse atrophy (Fig. 15-5). Because dystrophic patients
may feel fatigued and tend to avoid activities, and are known to be adversely affected
by prolonged bed rest, Vignos (1983) has recommended prescribing two to three hours
daily of standing, walking, or swimming for ambulatory patients. As long as the patient
feels rested after a night's sleep, Vignos suggests that the patient will not be seriously
overexercised. Activity should be alternated with rest periods in patients with limited
endurance. Any time a patient becomes immobilized for more than two to three days,
an active physical therapy program should be started to reverse the disuse and
deconditioning effects of bed rest.
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Well-supervised and relatively brief strengthening and endurance training in early or
mild disease can still improve strength and slow the rate of progression. deLatuer and
Giaconi, studying the effect of submaximal quadriceps isokinetic exercise in one group
of dystrophic patients, found some improvement in strength compared to the
unexercised group of dystrophic patients, although the gains were not statistically
significant because the number in the study group was small.
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In a study of patients with early Duchenne dystrophy and other milder dystrophies
receiving closely supervised maximal resistive exercise, Vignos and Watkins (1966)
found that the muscles increased an average of 50% in strength in the first four months
and maintained these gains for the entire year the patients exercised. Antigravity and
stronger muscles had a greater response.
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Summary
=

This chapter has focused on the effects of exercise in improving strength and endurance
in denervated and myopathic muscle. Although current literature is incomplete, the
following implications can be drawn:
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. Exercise is most effective when begun as early in the disease process as possible.
RN, HROT e ADTE L2 RVBEB MG L7 & S ITR IR TH S,

—_

. Daily activity is important to maintain baseline strength and prevent disuse atrophy.
R=ATA U OMS EMFF L, BEAMERLITIZ, BADOESHNEETH D,

o N

()

Supervised exercise training can maximize strength while avoiding overwork in

early and mild disease.
3. BELSNTmiEE) b L — =2 703, WIIOBE DR T OIS ARET 223 | BREARAR(LT D Z L
NTED,

4. In mild to moderate diseases, the need for direct supervision becomes more

important as the therapeutic window narrows.
4. BENDPEEORBTIT, HREIHS 221N T, EHEOBEROLEMEN LY BT/ D,

5. When disease is advanced, muscle is already functioning maximally so that it is
more profitable to emphasize other aspects of a comprehensive rehabilitation
program.
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Further studies are needed using modern techniques to measure and statistically
define the effects of exercise within the framework of the therapeutic window outlined

in this chapter.
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